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STAR FORMATION FEEDBACK FOR COMPACT STELLAR SYSTEMS
C. Mu˜ noz-Tu˜ n´ on,1,2 G. Tenorio-Tagle,3 S. Silich,3 R. W¨ unsch,4 J. Palouˇ s,4 J. M´ endez-Abreu,1,2
and J. M. Rodr´ ıguez-Espinosa1,2
RESUMEN
Con la premisa de una alta densidad estelar hemos llegado a importantes resultados te´ oricos que resumimos
aqu´ ı. La alta densidad estelar puede llevar a un modo muy eﬁciente de formar estrellas, lo que denominamos
positive feedback mode. Las implicaciones del modelo son m´ ultiples, en particular, la energ´ ıa neta liberada por
el brote es mucho menor y, adem´ as, mucha de la masa de los vientos de las estrellas masivas es reutilizada en
formar m´ as estrellas en el volumen del c´ umulo. Este modo de formar estrellas debe ser importante en galaxias
compactas y en sistemas estelares en galaxias, desde bulbos a los super c´ umulos estelares. Es un modo de
formar estrellas que conduce a la formaci´ on r´ apida de sistemas masivos y compactos con m´ ultiples generaciones
de estrellas con un rango grande en metalicidad.
ABSTRACT
We summarize recent theoretical results dealing with the formation of massive stellar systems. The key premise
is the high stellar density which leads to a very eﬃcient star forming process in the so called positive feedback
mode. Multiple implications arise from such models, e.g., much less mechanical energy exits the starburst
process and much of the mass provided by massive stars is used to form more stars within the cluster’s volume.
Such a star forming mode needs to be considered in the formation of compact galaxies and stellar systems in
galaxies (e.g., bulges and super star clusters); a star forming mode that leads to the rapid formation of massive
and compact systems with multiple stellar generations with a high metallicity spread.
Key Words: galaxies: evolution — galaxies: star clusters: general — galaxies: starburst — stars: formation — stars:
winds, outﬂows
1. CONTEXT
The Hubble Ultra Deep ﬁeld has unveiled the
shapes of very distant galaxies: chain, clumpy, tad-
pole, spiral or elliptical shapes (see Elmegreen et al.
2005). More detailed studies point to stellar conden-
sations originated on a turbulent disc (Elmegreen et
al. 2010). The SINGs proyect has carried out the
study of Clumps at high z (Genzel et al. 2011).
They conclude that massive stellar systems may have
formed in turbulent rotating discs in which a hier-
archy of clumps coexists, some of which are more
massive and likely proto-bulges or esferoids.
From much smaller systems, such as young su-
perstar clusters (SSCs), we know that they return in
a violent manner a signiﬁcant fraction of their stel-
lar mass to the ISM (Tenorio-Tagle et al. 2003).
The general consensus is that within the SSC vol-
1Instituto de Astrof´ ısica de Canarias, C/ via L´ actea, s/n,
38205, La Laguna, Tenerife, Spain (cmt@iac.es).
2Departamento de Astrof´ ısica, Universidad de La Laguna,
C/ Astrof´ ısico Francisco S´ anchez, 38205 La Laguna, Spain.
3Instituto Nacional de Astrof´ ısica, ´ Optica y Electr´ onica,
Apdo. Postal 51, 72000 Puebla, Mexico (gtt@inaoep.mx).
4Astronomical Institute, Academy of Sciences of the Czech
Republic, Boˇ cn´ ı II 1401, 141 31 Prague, Czech Republic.
ume, the kinetic energy supplied by massive stars
(stellar winds and supernova explosions) is “in situ”
thermalized and transformed into a fast and hot
wind. The result is: a high temperature plasma
(T > 107 K) and the exit of the thermalized ejecta
out of the cluster as a supersonic star cluster wind
(Chevalier & Clegg 1985, hereafter C&C85). In the
most extreme case there are the Supergalactic Winds
(SGW) (see Tenorio-Tagle & Mu˜ noz-Tu˜ n´ on 1998,
and references therein). SGWs remove the processed
material from the host galaxy and together with the
ionization inhibit further star formation; a process
deﬁned in the literature as negative star formation
feedback. In galaxies with a large collection of SSCs,
as in M82 (Melo et al. 2005), the winds from neigh-
boring clusters interact and cool down by radiation
forming an elongated (kpc long) ﬁlamentary struc-
ture (Tenorio-Tagle et al. 2003).
2. SF FEEDBACK; NEW MODELS
More recently, our theoretical studies have shown
that the original adiabatic assumption of C&C85 is
not always valid. Several observational facts took us
to reconsider the adiabaticity. The X-ray emission
in M82 extends less than expected in the model. In
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Fig. 1. Threshold Luminosity for diﬀerent metalicities of
the ejecta. Figure from Tenorio-Tagle et al. (2005).
Silich et al. 2003 (their Figure 1) it is shown how the
extent of the X-ray emission is very much reduced
when cooling by radiation is considered.
We also found that there is a threshold line
in the Cluster Mechanical Luminosity – SC
size plot deﬁning a Critical Luminosity. The
SSCs can be grouped in two regimes driven by the
Cluster stellar density. For low mass clusters, when
Lmech ≪ Lcrit the C&C85 solution applies. Strong
radiative cooling modiﬁes, however, the temperature
distribution outside the cluster when the star cluster
Lmech approaches Lcrit. For more massive clusters
strong radiative cooling leads to the accumulation of
the matter injected by massive stars within the clus-
ter volume. As a consequence, the expelled Lmech is
much lower than expected in e.g., starburst99 mod-
els. The heating eﬃciency (η) deﬁnes the amount
of energy that remains in the ﬂow despite cooling.
Low η implies that much of the energy is radiated
away whereas high (η) means an eﬃcient transfor-
mation into kinetic energy as a prowerfull, high tem-
perature, wind that extends far beyond the cluster
radius. More details in Tenorio-Tagle et al. (2005,
see Figure 1, 2007), W¨ unsch et al. (2008), Silich
et al. (2009). A ﬁrm evidence for an incomplete
transformation of the mechanical luminosity are the
small HII regions surrounding young SSCs (Smith et
al. 2006; Silich et al. 2007). This is only possible if
the cluster Lmech is reduced by a factor η. Much of
the energy (and mass) deployed by the massive stars
is kept withing the cluster volumen. The scenario
holds for more massive (and compact) objects as it
can be the case for SCUBA, Clumpy galaxies or Lyα
systems (Silich et al. 2010)
3. OBSERVATIONS AND TARGETS
In Tenorio-Tagle et al. (2010) we have derived
a new observable, the line width, to measure η (see
their Figure 3). Two supersonic emission lines are
predicted for clusters above Lcrit: A broader and
less intense line coming from the cluster wind mate-
rial and a narrower and more intense line produced
by the re-shocked wind matter that cools within the
cluster volume. At low z we have confronted our
model with spectra for several M82 SSCs in the bi-
modal phase. The line proﬁles are supersonic and
can be ﬁt with two gaussians, with lines ratios about
2, as our simulation predicts. The results have been
submitted for publication (Mu˜ noz-Tu˜ n´ on et al. 2013,
in preparation).
Some of the observations reported at hight z seem
to ﬁt our scheme. See for example Swinbank et al.
(2004, their Figure 6) or Genzel et al. (2011, their
Figure 7). In both cases the young starbursts show
emission lines which are consistent with our numeri-
cal simulations. This would imply that, the massive
clumps in the Sings survey or some SCUBA sources
may be massive clusters formed in the eﬃcient mode
predicted by our positive feedback scheme.
We want to conﬁrm the model with more obser-
vations. We are compiling targets at diﬀerent z. Us-
ing COSMOS we have pre-selected some candidates.
Higher z targets, up to z = 1.5 will be obtained from
the SHARDs survey. The higher z cases are planned
for EMIR. Some targets are included in the Scien-
tiﬁc Case of MEGARA that once at the GTC will
provide the spectral resolution needed.
Partially funded by Consolider (CSD00070-2006)
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